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The performance of 11 oil palm AVROS (Algemene Vereniging van Rubberplanters ter Oostkust van Sumatra) pisiferas was evaluated
based on their 40 dura x pisifera (DxP) progenies tested on inland soils, predominantly of Serdang Series. Fresh fruit bunch (FFB)
yield of each pisiferas ranged from 121.93 to 143.9kg palm−1 yr−1 with trial mean of 131.62kgpalm−1 yr−1. Analysis of variance
(ANOVA) showed low genetic variability among pisifera parents for most of the characters indicating uniformity of the pisifera
population. This was anticipated as the AVROS pisiferas were derived from small population and were inbred materials. However,
some of the pisiferas have shown good general combining ability (GCA) for certain important economic traits. Three pisiferas (P1
(0.174/247),P3(0.174/498),P11(0.182/308))wereidentiﬁedofhavinggoodGCAforFFByieldwhilepisiferasP1(0.174/247),P10
(0.182/348), and P11 (0.182/308) were good combiners for oil-to-bunch ratio (O/B). The narrow genetic base of these materials
was the main obstacle in breeding and population improvement. However, eﬀorts have been made to introgress this material with
the vast oil palm germplasm collections of MPOB for rectifying the problem.
1.Introduction
Palm oil is one of the world’s healthiest oils. As a natural veg-
etable oil, it contains no transfatty acids or cholesterol. It is
currently being used by doctors and government agencies to
treat speciﬁc illnesses and improve nutritional status. Recent
medical studies have shown that palm oil, particularly virgin
(red) palm oil, can protect against many common health
problems [1]. The history of AVROS oil palm pisifera in
Malaysia begins with the importation of oil palm tenera x
pisifera (TxP) seeds from Indonesia by the Department of
Agriculture Malaysia and Harrisons and Crosﬁeld and
planted at Klanang Baru Estate in 1957 [2–4]. Progenies of
this material were later planted in Trial 0.79 at Federal Exper-
imental Station, Serdang, in 1965; later the tenera x tenera
(TxT) and TxP of the material were planted at Malaysian
Palm Oil Board (MPOB) Kluang in 1981 and 1982. Ever
since,theAVROSpisiferasformthebasicmaterialsforMPOB
research and commercial seed production. The AVROS
pisifera progenies exhibit a high mesocarp-to-fruit and oil to
bunch ratios but are tall [4–8].
The performance of AVROS pisifera as male parent in the
DxP seed production had been tested by various agencies
[9–15]. MPOB examined 27 Deli dura x AVROS progenies
planted on coastal soil at 136palmsha−1 in 1978 [16]. The
average fresh fruit bunch (FFB) yield of the material over 15
years(1981–1995) was23.81tha−1 yr−1 andthe best progeny
yielded 28.81tha−1 yr−1. The trial means for oil and kernel
yields were 6.29tha−1 yr−1 and 1.53 tha−1 yr−1,r e s p e c t i v e l y .
FELDA also evaluated dura x dura (DxD) and dura x tenera
(DxT) progenies using Deli duras crossed with Yangambi,
La Me’, AVROS, NIFOR, and fertile pisiferas on inland soils
[17, 18]. The FFB yields of the group of progenies were 22 to
25tha−1 yr−1 and extraction rate of 18.3% to 23.6%. Golden
Hope also evaluated Deli dura xA V R O Spisifera progenies in
their commercial block for 15 years (1980–1994) [19]. The
average FFB yields over 8–12 year production on coastal and
inland estates were 28–30tha−1 yr−1 and 22–28tha−1 yr−1,2 The Scientiﬁc World Journal
respectively. In Oil Palm Research Station Dami, Papua New
Guinea, the ﬁrst four years FFB yield ranged from 16 to
29.7tha−1 yr−1 and oil to bunch (O/B) was 25.4% [19]. The
performance of Deli dura xA V R O Spisifera was also encour-
aging in ASD, Coto, Costa Rica [20]. The FFB yields were
12–18tha−1 yr−1 at Coto and 14–23tha−1 yr−1 at Palmar.
The AVROS pisiferas were known to have high general
combining ability (GCA) [16]. Information on combining
ability is essential to identify superior parents for hybrid
seeds production. There are two types of combining abilities,
general combining ability (GCA) and speciﬁc combining
ability (SCA). GCA is a useful to identify parents for the de-
velopment of superior genotypes while SCA for providing
information about the performance of hybrids [21]. The dif-
ferencesin GCA are mainly due to the additive genetic eﬀects
while diﬀerences in SCA are attributed to the nonadditive
dominance and other types of epistasis [22]. In oil palm,
studies by Breure and Konimor [23]i nD e l i - A V R O Sp o p u -
lation reported that exploiting GCA and SCA among parents
could increase fresh fruit bunch (FFB) yield, oil-to-bunch
ratio (O/B), and kernel-to-bunch ratio (K/B) by 42%, 18%,
and 29%, respectively. Dumortier and Konimor [24] sug-
gested that AVROS pisifera, progeny DM 742, had good GCA
for FFB yield, bunch number per palm (BNO), O/B, and
leaf area but had low GCA for frond dry weight. Musa [25]
reported that AVROS male parents MS 218/24, MS 2182/16,
andMS2193/55weregoodgeneralcombinerswithDelidura
for FFB yield (8.35, 6.24, and 22.74kgpalm−1 yr−1,r e s p . )
and BNO (1.89, 1.99, and 2.86 bunches palm−1,r e s p . ) .T h e
male parents MS 2188/85, MS 2182/24, MS 2182/16 and
MS2186/67 had good GCA for O/B (0.59,0.69, 0.96, and
0.46%,resp.).Thispaperhighlightstheperformanceofsome
MPOB’SAVROSpisiferasandtheirgeneralcombiningability
(GCA) planted on inland soils of predominantly Serdang
Series.
2.MaterialandMethod
Atotalof40progeniesofoilpalmDeliduraxA VR OSpisifera
(DxP) were planted in trial 0.314 at MPOB Keratong Station
in 1994. The Deli dura materials originated from the Sabah
BreedingProgramme(SPB)wereusedasfemaleparents.The
male parents were the AVROS pisiferas, the descendants of
BM 119 from Oil Palm Research Station, Banting, Selangor.
The materials were crossed using North Carolina Mating
Design I (NCM I) [26]. NCM I is a nested design, where
every male is mated to a number of females in a set. It can be
usedtoestimategeneticvariancecomponentsthatisadditive
and dominance variances and narrow-sense heritability. The
progenies were created by randomly crossing each of the 11
malepisiferaswithsetsoftwotosixfemaleduras.Thepisifera
palms were identiﬁed as “P” (P1–P11). Mean annual rainfall
(1993–2004) was 2051.44mm per year with the range from
984mm to 3314mm per year. Data collections were carried
out for bunch yield (1998–2004), bunch quality components
(1999–2004),andoneroundvegetativemeasurement(2003).
2.1. Data Collection and Statistical Analysis. Data on the fol-
lowing component characters were collected. The bunch
yield components were fresh fruit bunch (FFB), bunch
number (BNO), and average bunch weight (ABW). The
bunch quality components included fruit to bunch (F/B), oil
to bunch (O/B), kernel to bunch (K/B), mesocarp-to-fruit
(M/F), shell to fruit (S/F), oil to dry mesocarp (O/DM), oil
yield (OY), kernel yield (KY), and total economic product
(TEP) while vegetative traits included frond production
(FP), petiole cross section (PCS), rachis length (RL), leaﬂet
length (LL), leaﬂet width (LW), leaﬂet number (LN), palm
height (HT), leaf area (LA), leaf area index (LAI), and
diameter (Dia).
The data collection was based on individual palm basis
and was computed using the Statistical Analysis System
(SAS) program. Simple statistics for each trait such as Mean,
Standard Error (SE), and Standard Deviation (SD) were
determined. Analyses of variance (ANOVA) among traits
alsowerecarriedoutbySASprogram.DuncanNewMultiple
Range Test (DNMRT)tests forprogenies means comparison.
2.2. General Combining Ability (GCA) Estimates. The GCA
values of the parents were estimated using the method in-
troduced by Kempthorne [27] as stated hereinafter:
Gi =
Xi
n1
−
X
n2
···,
with SE =
√
M1
rf
(1)
where, Gi is the GCA value for the ith male; Xi is the Total
value for the ith male; X...is the grand total, n1 and n2 are
the number of observation on n1 and n2, respectively; SE is
the standard error; M1 is the means squares of error; r is the
number of replications; d is the number of dura/pisifera.
3. Result andDiscussion
3.1. Yield and Yield Components. The ANOVA for yield and
its components is presented in Table 1.A m o n gpisifera male
parentswereshowednonsigniﬁcantdiﬀerencesforfreshfruit
bunch (FFB) yield, bunch number per palm (BNO), and
average bunch weight (ABW). The replicates by pisiferas
interaction were nonsigniﬁcant for FFB and ABW but highly
signiﬁcant for BNO. The result indicated the consistencies in
performance of the pisifera male parents for the FFB and
ABW across the replicates but not for BNO. Eﬀects of duras
within pisifera were shown signiﬁcant diﬀerent for BNO but
not for FFB and ABW traits. Interaction eﬀects between
replicates and duras-within-pisifera were signiﬁcant for FFB
yield and yield components, implying that the dura female
parents-within-pisifera male parent diﬀer in their perfor-
mance across the replicates.
Yield and yield components based on male parents are
presented in Table 2. Mean performance of the pisiferas
showed that the grand mean for FFB was 131.62kgpalm−1
yr−1, with mean BNO of 8.66bunchespalm−1 yr−1 and ave-
rage bunch weight (ABW) of 15.60kgbunch−1. Among the
eleven pisiferas, P1 (0.174/247) gave the highest tenera FFBThe Scientiﬁc World Journal 3
Table 1: Mean squares of yield and yield components.
Source of
variation df FFB BNO ABW
Replications 2 49137.61 268.98 110.87
Pisifera males 10 7605.62ns 27.50ns 79.07ns
Dura
females/pisifera
male
29 5832.9ns 29.73∗ 64.83ns
Replications x
pisifera males 20 4734.22ns 33.61∗∗ 21.32ns
Replications x
dura
females/pisifera
male
58 4471.24∗∗ 15.79∗∗ 43.28∗∗
Within palms 1224 898.36 4.88 9.89
∗Signiﬁcant at 5% level; ∗∗Signiﬁcant at 1% level; ns: non-signiﬁcant;
df: degrees of freedom; FFB: fresh fruit bunch; BNO: bunch number;
ABW: average bunch weight.
Table 2:Meansofduraxpisiferawithdiﬀerentpisiferamaleparents
for yield and yield components.
Pisifera male
Yield and yield components
FFB (kg
palm−1 yr−1)
BNO (bunches
palm−1 yr−1)
ABW (kg
bunch−1)
P1 (0.174/247) 143.90a 9.06ba 16.25bc
P2 (0.174/348) 136.00ba 9.46a 14.93de
P3 (0.174/498) 143.50a 9.03ba 16.31bc
P4 (0.174/663) 122.87ed 8.20d 15.25de
P5 (0.182/7) 126.23ecd 8.34dc 15.32d
P6 (0.182/30) 121.93e 8.53bdc 14.40e
P7 (0.182/77) 132.18bc 8.00d 17.27a
P8 (0.182/230) 123.47ed 8.34dc 15.19de
P9 (0.182/297) 131.11bcd 8.08d 16.77ba
P10 (0.182/305) 133.31bc 8.85bac 15.63dc
P11 (0.182/308) 143.37a 9.44a 15.83dc
Mean 131.62 8.66 15.6
Standard Error 4.74 0.35 0.50
FFB: fresh fruit bunch; BNO: bunch number; ABW: average bunch weight.
Lettering indicates the diﬀerence between treatments. Means with the same
small letter(s) in the same column are not signiﬁcantly diﬀerent at P ≤ 0.05
with Duncan New Multiple Range Test (DNMRT).
yield of 143.90kgpalm−1yr−1, more than 9% above the
grand mean. The high FFB yield was attributed to the high
and balanced BNO (9.06bunchespalm−1 yr−1) and ABW
(16.25kgbunch−1). High FFB yields were also observed in
P3 (0.174/498) (143.50kgpalm−1 yr−1) and P11 (0.182/308)
(143.37kgpalm−1 yr−1).Conversely,P6experiencedlowFFB
yields due to its lowest ABW (14.40kgbunch−1) and below
averageBNO(8.53bunchespalm−1 yr−1).DuncanNewMul-
tiple Range Test (DNMRT) also indicated signiﬁcant diﬀer-
ences between P6 and P1, P3, P11 for FFB, BNO, and ABW.
The result also indicated that P2 (0.174/348) even though
with the highest BNO (9.46bunchespalm−1 yr−1), failed to
register among the top FFB yielder due to its low ABW
Table 3: General combining ability (GCA) estimates for yield and
yield components for pisifera male parents.
Pisifera male FFB
(kgpalm−1 yr−1)
BNO (bunches
palm−1 yr−1)
ABW
(kgbunch−1)
P1 (0.174/247) 12.28 0.4 0.65
P2 (0.174/348) 4.38 0.8 −0.67
P3 (0.174/498) 11.88 0.37 0.71
P4 (0.174/663) −8.75 −0.46 −0.35
P5 (0.182/7) −5.39 −0.32 −0.28
P6 (0.182/30) −9.69 −0.13 −1.2
P7 (0.182/77) 0.56 −0.66 1.67
P8 (0.182/230) −8.15 −0.32 −0.41
P9 (0.182/297) −0.51 −0.58 1.17
P10 (0.182/305) 1.69 0.19 0.03
P11 (0.182/308) 11.75 0.78 0.23
FFB: fresh fruit bunch; BNO: bunch number; ABW: average bunch weight.
(14.93kgbunch−1). Similarly, P9 (0.182/297) with the high-
estABW(16.77kgbunch−1)showedbelowaverageFFByield
(131.11kgpalm−1 yr−1) due to poor BNO (8.08bunches
palm−1yr−1). It is therefore important in selection, to select
palmswithhighBNOandmoderateABWforhighFFByield.
General combining ability (GCA) estimates for bunch
yield and yield components are presented in Table 3. The re-
sults indicated that the male parents P1 (0.174/247), P3
(0.174/498) and P11 (0.182/308) were good general com-
biners for FFB and its components. Their GCA values for P1
(0.174/247) for FFB, BNO and ABW were 12.28kgpalm−1
yr−1,0 . 4 0b u n c h e sp a l m −1 yr−1and 0.65kgbunch−1,r e s p e c -
tively. For P3 (0.174/498) their GCA values were FFB
11.88kgpalm−1 yr−1, BNO 0.37bunchespalm−1 yr−1,a n d
ABW 0.71kgbunch−1and GCA estimates for P11 (0.182/
308)wereFFB11.75kgpalm−1 yr−1,BNO0.78bunches,and
ABW 0.23kg. Among the eleven pisiferas, the best general
combiner for FFB was P1(0.174/247), P2 (0.174/348) for
BNO, and P7 (0.182/77) for ABW. Dumortier and Konimor
[24]notedthattheAVROSpisiferaofDM742hadgoodGCA
for FFB yield and bunch number (BNO).
3.2. Bunch Quality Components. The ANOVA for bunch
quality components is presented in Table 4.A m o n gpisifera
male parents were shown to have signiﬁcant diﬀerence for
mesocarp fruit weight (MFW), kernel-to-bunch ratio (K/B),
kernel yield (KY) and to be highly signiﬁcant for fruit-to-
bunch ratio (F/B). The interaction eﬀects between replicates
x pisifera male parents were found to be highly signiﬁcant
for MFW, mean nut weight (MNW), mesocarp-to-fruit ratio
(M/F), shell-to-fruit ratio (S/F), oil-to-dry mesocarp ratio
(O/DM), oil yield (OY), and KY. The dura females within
pisifera males were, however, highly signiﬁcant for all the
bunch quality traits except F/B. The interaction eﬀects of
replicatesbyfemales-within-malewerealsohighlysigniﬁcant
except O/DM, indicating the diﬀerences in behavior of the
dura females within male in the three replicates.4 The Scientiﬁc World Journal
Table 4: Mean squares of bunch quality characteristics.
Source of variation df F/B O/B K/B M/F S/F O/DM OY KY TEP
Replications 2 228.56 67.88 42.68 158.24 23.08 30.51 1568.76 301.58 2501.74
Pisifera males 10 289.85∗∗ 58.82ns 17.16∗ 219.01ns 99.49ns 0.94ns 422.35ns 42.31∗ 521.30ns
Dura females/pisifera
male 29 73.73ns 10.42∗∗ 7.71∗∗ 117.73∗∗ 63.69∗∗ 17.87∗∗ 257.65∗∗ 19.49∗∗ 300.94∗∗
Replications x Pisifera
males 20 42.67ns 14.35ns 1.75ns 33.81∗ 17.03∗∗ 14.30∗∗ 274.80∗∗ 10.87∗∗ 327.93∗∗
Replications x Dura
females/pisifera male 58 79.41∗∗ 25.66∗∗ 4.82∗∗ 45.74∗∗ 20.10∗∗ 14.30∗∗ 192.46∗∗ 15.12∗∗ 236.63∗∗
Within palms 835 50.86 15.71 2.33 18.08 8.01 7.48 67.75 5.21 78.64
∗Signiﬁcant at 5% level; ∗∗Signiﬁcant at 1% level; ns: non-signiﬁcant; df:degrees of freedom; F/B:fruit-to-bunch ratio, O/B: oil-to-bunch ratio, K/B:kernel-
to-bunch ratio; M/F:mesocarp-to-fruit ratio; S/F:shell to fruit ratio; O/DM:oil-to-dry mesocarp ratio; OY: oil yield; KY:kernel yield; TEP:totale c o n o m i c
product.
Table 5: Means of dura x pisifera with diﬀerent pisifera male parents for bunch quality characteristics.
Pisifera male F/B (%) O/B (%) K/B (%) M/F (%) S/F (%) O/DM
(%)
OY
(kgpalm−1 yr−1)
KY
(kgpalm−1 yr−1)
TEP
(kgpalm−1 yr−1)
P1(0.174/247) 65.78ba 25.13bc 6.24a 79.07cb 11.45b 78.74ba 34.21ba 8.46a 39.28ba
P2 (0.174/348) 63.42bc 24.92bc 5.35cb 82.51a 9.23e 78.92ba 32.11bdc 6.79ced 36.18edc
P3 (0.174/498) 65.11bac 24.39dc 6.25a 79.01cb 11.46b 78.35b 33.02bac 8.40a 38.07bac
P4 (0.174/663) 65.32bac 24.87bc 5.98a 78.02c 12.90a 78.93ba 28.95ef 7.07cbd 33.19egf
P5 (0.182/7) 63.21c 24.94bc 4.86c 82.65a 9.67de 78.73ba 29.10ef 5.66f 32.50gf
P6 (0.182/30) 65.07bac 24.90bc 5.93a 79.98b 10.93cb 78.49ba 30.69edc 7.27cb 35.06edf
P7 (0.182/77) 64.78bac 24.02dc 6.23a 77.65c 12.71a 79.47a 29.81ed 7.65b 34.40edf
P8 (0.182/230) 60.14d 23.33d 5.27cb 81.80a 9.50e 78.18b 27.00f 6.11fe 30.66g
P9 (0.182/297) 63.79bc 24.12dc 6.07a 78.87cb 11.72b 78.97ba 29.61edf 7.23cbd 33.94edf
P10 (0.182/305) 66.54a 26.50a 5.21cb 81.67a 10.50cd 78.87ba 32.90bac 6.49ed 36.80bdc
P11 (0.182/308) 66.77a 26.23ba 5.46b 81.68a 10.14cde 79.03ba 35.57a 7.42cb 40.02a
Mean 64.55 24.91 5.67 80.44 10.82 78.76 31.15 7.07 35.39
Standard Error 1.13 0.63 0.24 0.67 6.32 0.43 1.3 0.36 1.4
F/B:fruit to bunch; O/B: oil to bunch; K/B: kernel to bunch; M/F:mesocarp-to-fruit; S/F: shell to fruit; O/DM: oil to dry mesocarp; OY: oil yield; KY:kernel
yield; TEP:total economic product.
Lettering indicates the diﬀerence between treatments. Means with the same small letter(s) in the same column are not signiﬁcantly diﬀerent at P ≤ 0.05
with Duncan New Multiple Range Test (DNMRT).
The performances of the 11 pisifera male parents are
presented in Table 5.T h episifera P11 (0.182/308) and P10
had good fruit-to-bunch ratio (F/B) with 66.77% and
66.54%, respectively. DNMRT indicated that they diﬀered
signiﬁcantly from P5 (53.21%), which had the lowest F/B
ratio. The two pisiferas also exhibited the highest oil-to-
bunch ratio (O/B) among the pisiferas with 26.23% for P11
and 26.50% for P10. A total of four male parents, P3, P1, P8,
and P11, had kernel-to-bunch ratio (K/B) of more than 6%,
whichishigherthanormorethanthatfromthetrialmeanof
5%. DNMRT indicated, that they diﬀered signiﬁcantly with
theotherpisiferasusedinthetrial.ThepisiferaP10hadmean
fruit weight ratio (MFW) of 12.44g, the highest among the
male parent. DNMRT detected signiﬁcant diﬀerences from
other male parents. Four male parents, P5, P2, P8, P11, and
P10, had mesocarp-to-fruit ratio (M/F) of more than 80%.
DNMRT indicated signiﬁcant diﬀerences between them and
the other male parents but no diﬀerences were detected
between the four male parents. The pisiferaP2 had the lowest
shell-to-fruit ratio (S/F) with 9.23% and consequently the
highest M/F with 80% among the male parents. Conversely,
male parent P4 had the highest S/F (12.90%) and as a result
the lowest M/F among the male parents. The oil-to-dry-
mesocarp ratio (O/DM) and oil yield (OY) were derived
characters and were reasonably good with the trial means of
78.76% and 31.15kg/p/yr, respectively. The best male parent
for O/DM, P7 (79.47%), did not diﬀer signiﬁcantly with
the other except with the lowest male parent P8 (78.18%).
Five male parents; P11, P1, P3, P10, and P2, were good
oil yielder, above the trial mean of 31.15kgpalm−1 yr−1.
DNMRT indicated, that they diﬀer signiﬁcantly with the
other male parents but no diﬀerences were detected amongThe Scientiﬁc World Journal 5
Table 6: General combining ability (GCA) estimates for bunch quality characteristics for pisifera male parents.
Pisifera male F/B (%) O/B (%) K/B (%) M/F (%) S/F (%) O/DM
(%)
OY
(kgpalm−1 yr−1)
KY
(kgpalm−1yr−1)
TEP
(kgpalm−1 yr−1)
P1 (0.174/247) 1.23 0.22 0.57 −1.37 0.63 −0.02 3.06 1.392 3.89
P2 (0.174/348) −1.13 0.01 −0.32 2.07 −1.59 0.16 0.96 −0.28 0.79
P3 (0.174/498) 0.56 −0.52 0.58 −1.43 0.64 −0.41 1.87 1.33 2.68
P4 (0.174/663) 0.77 −0.04 0.31 −2.42 2.08 0.17 −2.2 0 −2.20
P5 (0.182/7) −1.34 0.03 −0.81 2.21 −1.15 −0.03 −2.05 −1.41 −2.89
P6 (0.182/30) 0.52 −0.01 0.26 −0.46 0.11 −0.27 −0.46 0.2 −0.33
P7 (0.182/77) 0.23 −0.89 0.56 −2.79 1.89 0.71 −1.34 0.58 −0.99
P8 (0.182/230) −4.41 −1.58 −0.4 1.36 −1.32 −0.58 −4.15 −0.96 −4.73
P9 (0.182/297) −0.76 −0.79 0.4 −1.57 0.9 0.21 −1.54 0.16 −1.45
P10 (0.182/305) 1.99 1.59 −0.46 1.23 −0.32 0.11 1.75 −0.58 1.41
P11 (0.182/308) 2.22 1.32 −0.21 1.24 −0.68 0.27 4.42 0.35 4.63
F/B: fruit to bunch; O/B: oil to bunch; K/B: kernel to bunch; M/F:mesocarp-to-fruit; S/F:shell to fruit; O/DM: oil to dry mesocarp; OY: oil yield; KY:
kernel yield; TEP:total economic product.
Table 7: Mean squares of vegetative traits.
Source of
variation df FP PCS RL LL LW LN HT LA LAI DIA
Replications 2 11.52 1150.96 5.25 579.77 13.51 3621.24 0.89 111.48 39.06 0.01
Pisifera males 10 25.65ns 491.60ns 2.82ns 1346.55∗∗ 2.22ns 823.97ns 2.17ns 44.27∗ 15.51∗ 0.04ns
Dura
females/pisifera
male
29 28.65∗∗ 289.19∗∗ 3.10∗∗ 372.41∗∗ 2.08∗∗ 735.50∗∗ 1.54∗∗ 15.99∗∗ 5.60∗∗ 0.05∗∗
Replications x
Pisifera males 20 18.39∗∗ 177.07∗∗ 0.75∗∗ 139.74∗∗ 1.39∗∗ 302.37∗∗ 1.05∗∗ 9.86∗∗ 3.45∗∗ 0.01∗∗
Replications x
Dura
females/pisifera
male
58 14.76∗∗ 211.40∗∗ 1.61∗∗ 184.06∗∗ 1.80∗∗ 511.70∗∗ 1.49∗∗ 15.94∗∗ 5.58∗∗ 0.01∗∗
Within palms 1223 6.77 37.79 0.17 45.96 0.25 118.04 0.16 2.33 0.82 0.01
∗Signiﬁcant at 5% level; ∗∗Signiﬁcant at 1% level; ns: non-signiﬁcant; df: degrees of freedom.
FP:frond production; PCS: petiole cross section; RL: rachis length; LL: leaﬂet length; LW:leaﬂet width, LN: leaﬂet number; HT:palm height; LA:leaf area;
LAI:leaf area index; DIA:diameter.
them. For kernel yield (KY) and total economic product
(TEP), P1 with 8.46kgpalm−1 yr−1 was the highest for KY
and P11 with 40.02kgpalm−1 yr−1 was the highest for TEP
(DNMRT indicated that they diﬀer signiﬁcantly with most
the other male parents).
The estimates of GCA for the 11 pisiferas are shown in
Table 6.T h episifera male parent P10 (0.182/305) was the
best general combiner for O/B (1.59%) and among the best
combiners for F/B. P11 (0.182/308) was the best combiner
for F/B (2.22%), oil yield (OY) (4.42kgpalm−1 yr−1)a n d
total economic product (TEP) (4.63kgpalm−1 yr−1). Three
pisiferas (P3 (0.174/498), P1 (0.174/247) and P7 (0.182/77))
showed good GCA for K/B. P1 was also a good combiner
for OY, KY, and TEP. In the M/F, P5 (2.21%) and P2
(2.07%) showed good combiners for the character. For S/F,
P4 (0.174/663) (2.08%) and P7 (0.82/77) (1.89%) were good
combiners. The best GCA for TEP was P11 followed by P1
and P3.
3.3. Vegetative Traits. The ANOVA for the vegetative charac-
ters is shown in Table 7. Among the pisifera male parents
were shown highly signiﬁcant diﬀerence for leaﬂet length
(LL) and signiﬁcant diﬀerence for leaf area (LA) and leaf
area index (LAI) but not signiﬁcance for the other traits, in-
dicating the substantial variation still existed in LL, LA,
and LAI among pisiferas. Interaction between replicates and
pisifera males was highly signiﬁcant for all the vegetative
traits, suggesting inconsistent behavior of the pisifera male
parents across the replicates for those traits. Unlike among
pisifera male parents, the dura females within pisifera male
exhibited highly signiﬁcant diﬀerence for all the vegetative
traits.Theresultindicatedthatsubstantialvariationstillexist
in the dura females within pisifera males and can be utilized
for further selection and improvement. The replicates by
dura females-within-pisifera male item were also highly sig-
niﬁcant, implying the diﬀerences in performance of the dura
females-within-pisifera male in the three replicates.6 The Scientiﬁc World Journal
Table 8: Means of dura x pisifera with diﬀerent pisifera male parents for vegetative traits.
Pisifera male FP (fronds
palm−1 yr−1) PCS (cm2) RL (cm) LL (cm) LW (cm) LN (no) HT (m) LA (m2)L A ID I A ( c m )
P1(0.174/247) 27.09ba 28.43cbd 5.57cbd 93.83d 5.56cd 168.45bc 2.60a 10.02ed 5.93ed 0.61f
P2 (0.174/348) 26.93bac 28.16cebd 5.54ced 94.54cd 5.54cd 166.76dc 2.42b 10.00ed 5.92ed 0.63dce
P3 (0.174/498) 26.73bdc 31.39a 5.91a 99.93a 5.61cbd 171.01ba 2.47b 10.92b 6.46b 0.67a
P4 (0.174/663) 27.63a 27.73cebd 5.43fe 95.28cbd 5.370e 167.63dc 2.29c 9.85ef 5.83ef 0.65b
P5 (0.182/7) 26.84bdc 29.17b 5.37f 90.92e 5.52cd 164.73de 2.43b 9.48gf 5.61gf 0.63dce
P6 (0.182/30) 26.33bedc 27.01ced 5.48ed 94.11cd 5.53cd 163.67e 2.28c 9.79ef 5.79ef 0.62dfe
P7 (0.182/77) 26.48bedc 28.72cb 5.60cb 96.75b 5.64cb 168.70bc 2.43b 10.57cb 6.26cb 0.63c
P8 (0.182/230) 25.92e 26.61e 5.35f 88.49f 5.37e 166.11dce 2.36cb 9.12g 5.40g 0.61f
P9 (0.182/297) 26.10ed 26.82ed 5.67b 95.98cb 5.48ed 171.78a 2.31c 10.33cd 6.11cd 0.62dfce
P10
(0.182/305) 26.20edc 32.83a 5.64cb 101.07a 5.90a 167.75dc 2.67a 11.48a 6.80a 0.63dce
P11
(0.182/308) 26.47bedc 32.18a 5.82a 93.57d 5.73b 173.69a 2.64a 10.74cb 6.36b 0.62fe
Mean 26.64 29.01 5.56 94.89 5.57 167.71 2.44 10.17 6.02 0.63
Standard Error 0.41 0.97 0.07 1.07 0.08 1.72 0.06 0.24 0.14 0.02
FP=frond production; PCS:petiole cross section; RL:rachis length; LL:leaﬂet length; LW:leaﬂet width; LN: leaﬂet number; HT: palm height; LA:leaf area;
LAI: leaf area index; DIA:diameter.
Lettering indicates the diﬀerence between treatments. Means with the same small letter (s) in the same column are not signiﬁcantly diﬀerent at P ≤ 0.05
with Duncan New Multiple Range Test (DNMRT).
Mean performance of the progenies for vegetative char-
acters pooled over pisifera male parents is presented in
Table 8. Short trunk height (HT) and smaller trunk diameter
(DIA) are preferred since they may prolong economic life
and more nutrient can be channeled in FFB production
instead of vegetative growth and maintenance. The pisifera
P1 (0.174/247) and P8 (0.182/230) had the lowest DIA of
0.61m. P6 (0.182/30) and P4 (0.174/663) registered the
shortest HT of 2.28m and 2.29m, respectively. DNMRT
indicated signiﬁcant diﬀerences between P1 (0.174/247) and
P8 (0.182/230) with most of the pisiferas for HT. Likewise P6
(0.182/30) and P8 (0.182/230) exhibited signiﬁcant diﬀer-
ences for DIA with all male parents except for P6 (0.182/30)
and P9 (0.182/297).
In oil palm, the inﬂorescence is embedded at the frond
axil; frond production rate determines the limit to bunch
production. Each frond subtends only one inﬂorescence
that can be potentially male or female. Besides low HT, P4
exhibitedhighestfrondproduction(FP)of27.63frondsyr−1,
equivalent to 2.3 fronds month−1. Male parent P1 also had
high FP of 27.09frondsyr−1and lowest DIA among the male
parents. DNMRT indicated that the two pisiferas were sig-
niﬁcantly diﬀerent with majority of the male parents. Pisifera
P8 (0.182/230) had the lowest petiole cross section (PCS),
26.61cm2, and rachis length (RL), 5.35m. Palms with low
PCS and RL values are preferred in breeding and selection
since they may increase the planting density per hectare.
DNMRT indicated signiﬁcant diﬀerences between pisifera P8
and most of the male parents.
Leaﬂet length (LL) and leaﬂet width (LW) based on male
parents ranged from 93.57 to 101.07cm and 5.37 to 5.90cm,
respectively. P10 (0.182/305) had the highest LL and LW
among the male parents, while pisifera P11 (0.182/308)
registered with the shortest LL and pisifera P8 had the
lowest LW. For LL, DNMRT showed signiﬁcant diﬀerences
between pisifera P10 (0.182/305) and all the other pisiferas
except pisifera P3 (0.174/498). DNMRT also detected sig-
niﬁcant diﬀerences for LW between pisifera P8 (0.182/230)
and majority of the male parents. In this study, frond with
the highest leaﬂet number (LN) was recorded from pisifera
P11 (0.182/308) with 173.69 leaﬂets frond−1 and pisifera
P6 (0.182/30) was the lowest with 163.67 leaﬂets frond−1.
Leaf area (LA) is a derived character, with the components
of LL, LW, and LN. Among the pisiferas, male parent
pisifera P10 (0.182/305) had the highest LA with 11.48cm2
and P8 (0.182/230) registered as the lowest with 9.12cm2.
DNMRT showed signiﬁcant diﬀerences for LA between the
two pisiferas and the other male parents.
T h eG C Ae s t i m a t e so fm a l ep a r e n t sf o rv e g e t a t i v e
characters are presented in Table 9.I nt r a i t ss u c ha st r u n k
height (HT), trunk diameter (DIA), rachis length (RL), and
petiole cross section (PCS), negative values are preferred
since they satisﬁes selection criteria of low values. The male
parents pisifera P1 (0.174/247) and pisifera P8 (0.182/230)
were good general combiners for low trunk diameter with
both had GCA estimates of −0.02m. The males P6, P4, and
P9 had good GCA for lower trunk height, −0.16, −0.15
and −0.13m, respectively. Male parents P8, P5, and P4 were
good combiners for shorter rachis length with GCA values
of −0.21, −0.19, and 0.13m, respectively. P8 was the best
combiner for smaller PCS (−2.41cm2) followed by P9 with
−2.19cm2. Male parents with high GCA for LA were P10
(0.78cm2), P3 (0.44cm2), and P11 (0.34cm2). Overall, P8
was a good combiners for low trunk diameter, low height,
short RL and small PCS. Musa [25] in his studies on two
Deli-AVROS populations found that two male parentsThe Scientiﬁc World Journal 7
Table 9: General combining ability (GCA) estimates on vegetative traits for pisifera male parents.
Pisifera male HT (m) DIA (cm) FP (no.
p/yr) PCS (cm2) RL (cm) LL (cm) LW (cm) LN
(no/p/yr) LA (m2) LAI (cm)
P1 (0.174/247) 0.16 −0.02 0.45 −0.58 0.01 −1.06 −0.01 0.74 −0.15 −0.09
P2 (0.174/348) −0.02 0 0.29 −0.85 −0.02 −0.35 −0.03 −0.95 −0.17 5.78
P3 (0.174/498) 0.03 0.04 0.09 2.38 0.35 5.04 0.04 3.3 0.75 6.46
P4 (0.174/663) −0.15 0.02 0.99 −1.28 −0.13 0.39 −0.2 −0.08 −0.32 5.83
P5 (0.182/7) −0.01 0 0.2 0.16 −0.19 −3.97 −0.05 −2.98 −0.69 5.61
P6 (0.182/30) −0.16 −0.01 −0.31 −2 −0.08 −0.78 −0.04 −4.04 −0.38 5.79
P7 (0.182/77) −0.01 0 −0.16 −0.29 0.04 1.86 0.07 0.99 0.4 6.26
P8 (0.182/230) −0.08 −0.02 −0.72 −2.4 −0.21 −6.4 −0.2 −1.6 −1.05 5.4
P9 (0.182/297) −0.13 −0.01 −0.54 −2.19 0.11 1.09 −0.09 4.07 0.16 6.11
P10 (0.182/305) 0.23 0 −0.44 3.82 0.08 6.18 0.33 0.04 1.31 6.8
P11 (0.182/308) 0.2 −0.01 −0.17 3.17 0.26 −1.32 0.16 5.98 0.57 6.36
HT: palm height; DIA: diameter; FP: frond production; PCS: petiole cross section; RL: rachis length; LL: leaﬂet length; LW: leaﬂet width; LN: leaﬂet number;
LA: Leaf Area; LAI: Leaf Area Index.
(AVROSpisifera)(MS2182/16andMS2188/97)hadthecap-
ability to transmit low trunk height, low trunk girth and
short rachis length, because of their high negative GCA for
those traits.
4. Conclusion
The performance of 11 oil palm AVROS pisiferas was eval-
uated in inland soils, predominantly of Serdang Series.
Analysisofvariance(ANOVA)showedlowgeneticvariability
among pisifera parents for most of the characters indicating
uniformity of the pisifera population. This was anticipated
as the AVROS pisiferas were derived from small population
and were inbred materials. For male parent selection, general
combining ability (GCA) may have to be considered. Three
pisiferas (P1 (0.174/247), P3 (0.174/498), P11 (0.182/308))
were identiﬁed of having good GCA for FFB yield. For O/B,
the good combiners were P1 (0.174/247), P10 (0.182/348)
and P11 (0.182/308). The good combiners for vegeta-
tive traits were P6 (0.182/30), P8 (0.182/230), and P9
(0.182/297). They can be considered for a single trait or in
combination with the other for their selection. For instance,
P1 (0.174/247) and P11 (0.182/308) were good candidates
in selecting pisiferas with good GCA for FFB yield and O/B
but not for vegetative characters. Pisiferas P6 (0.182/30),
P8 (0.182/230), P9 (0.182/297) have good GCA value for
lower trunk height (HT), lower trunk diameter (DIA), small
petiole cross section (PCS) and short rachis length (RL).
They can be considered for the production of relatively less
vigorous growing palms.
Acknowledgments
The authors wish to thank Malaysian Palm Oil Board
(MPOB) and Universiti Putra Malaysia (UPM) for providing
research facilities and permission to publish this paper.
References
[ 1 ]N .D .B r u c eF i f e ,The Palm Oil Miracle, Piccadilly books,
Colorado Springs, Colo, USA, 2007.
[2] R. G. Heath, Annual Report of the Department of Agriculture
For the Year 1956, Department of Agriculture Malaya, Federa-
tion of Malaya, Kuala Lumpur, Malaysia, 1958.
[3] H. V. Haddon and Y. L. Tong, “Oil palm selection—a progress
report,” The Malaysian Agricultural Journal, vol. 42, pp. 124–
156, 1959.
[4] C. H. Lee and K. H. Yeow, “Progress in breeding and selection
for seed production at HMPB Oil palm research station,” The
Planter, vol. 61, pp. 18–31, 1985.
[5] A. U. Lubis and Kiswito, “New perspective in oil palm breed-
ing in Indonesia,” in Proceedings of the South East Asian Plant
Genetic Resources, pp. 181–197, Badan Penelitian dan Pem-
bangunan Pertanian, Lembaga Biologi Nasional-LIPI, Bogor,
Indonesia, month year, IBGR, SEAMEO/BIOTROP.
[ 6 ] N .R a j a n a i d u ,Y .P .T a n ,E .C .O n g,a n dC .H .L e e ,“T h ep e r f o r -
mance of inter-origin commercial D×P planting material,” in
Proceedings of the international Worksp on Oil Palm Germplam
andUtilization,pp.155–161,MalaysianPalmOilBoard,Bangi
Selangor, Malaysia, 1986.
[7] A. Kushairi, Genetic variation for bunch yield, bunch quality
andmorphophysiologicaltraitsinoilpalmbreedingpopulations,
Ph.D. thesis, Universiti Kebangsaan Malaysia, Bangi Selangor,
Malaysia, 1998.
[8] V. Rao, I. H. Law, S. Zuraini, and C. C. Chia, “Ekona and
AVROS- a tale of two Pisiferas,” in Proceedings of the MPOB
International Palm Oil Conference (PIPOC’99), pp. 90–102,
Malaysian Palm Oil Board, Bangi Selangor, Malaysia, 1999.
[9] N. Abdullah, M. Raﬁi Yusop, M. Ithnin, G. Saleh, and M. A.
Latif, “Genetic variability of oil palm parental genotypes and
performance of its’ progenies as revealed by molecular mark-
ers and quantitative traits,”Comptes Rendus Biologies, vol. 334,
no. 4, pp. 290–299, 2011.
[ 1 0 ]R .J .A .C r i s t a n c h o ,M .M .H a n a ﬁ ,S .R .S y e dO m a r ,a n d
M. Y. Raﬁi, “Variations in oil palm (Elaeis guineensis Jacq.)
progeny response to high aluminium concentrations in solu-
tion culture,” Plant Biology, vol. 13, no. 2, pp. 333–342, 2011.8 The Scientiﬁc World Journal
[11] Z. A. Isa, A. Kushairi, M. Y. Raﬁi, G. Saleh, and N. Rajanaidu,
“Variation in FFB and yield components in Malaysia oil
palm (Elaeis guineensis Jacq) D×P planting materials under
various planting densities and their correlations with frond
production, rachis length and height,” in Proceedings of the
International Palm Oil Congress (PIPOC ’09), pp. 700–736,
Malaysian Palm Oil Board, Bangi Selangor, Malaysia, 2009.
[12] J. Junaidah, M. Y. Raﬁi, C. W. Chin, and G. Saleh, “Perfor-
mance of tenera oil palm population derived from crosses
between Deli dura and pisifera from diﬀerent sources on
inland soils,” Journal of Oil Palm Research,v o l .2 3 ,n o .3 ,p p .
1210–1221, 2011.
[13] A. Kushairi, N. Rajanaidu, B. S. Jalani, and M. Y. Raﬁi,
“Genetic improvements in oil palm planting materials,” Oil
Palm Bulletin, vol. 44, pp. 1–20, 2002.
[14] M. Y. Raﬁi, N. Rajanaidu, B. S. Jalani, and A. Kushairi, “Per-
formance and heritability estimations on oil palm progenies
testedindiﬀerentenvironments,”JournalofOilPalmResearch,
vol. 14, no. 1, pp. 15–24, 2002.
[15] M. Y. Raﬁi, N. Rajanaidu, B. S. Jalani, and A. H. Zakri, “Geno-
type x environment interaction and stability analyses in oil
palm (Elaeis guineensis Jacq) progenies over six location,”
Journal of Oil Palm Research, vol. 13, no. 1, pp. 11–14, 2001.
[16] A. Kushairi and N. Rajanaidu, “Breeding populations, seed
production and nursery management,” in Advances in Oil
Palm Research, vol. 1, pp. 39–96, Malaysian Palm Oil Board,
Bangi Selangor, Malaysia, 2000.
[17] C. W. Chin and S. Suhaimi, “FELDA oil palm planting mate-
rials,” in Proceedings of the Sourcing of Oil Palm Planting
Materials for Local and Overseas Joint Ventures, pp. 71–90,
1999.
[18] J. Junaidah, C. W. Chin, and M. Y. Raﬁi, “Yield potential of
current oil palm planting materials,” Paper presented at Best
Management Practices Agriculture Workshop Malaysian Oil
Scientists’ and Technologist’ Association, pp. 1–23.
[19] N. Rajanaidu, A. Kushairi, M. Y. Raﬁi, A. Mohd Din, I.
Maizura, and B. S. Jalani, “Oil palm breeding and genetic
resources,” in Advances in Oil Palm Research, vol. 1, pp. 171–
237, Malaysian Palm Oil Board, 2000.
[20] R. Escobar, R. Sterling, and F. Peralta, “Oil palm planting
materials by ASD de Costa Rica,” in Proceedings of the Sourcing
of Oil Palm Planting Materials for Local and Overseas Joint
Ventures, pp. 143–170, Malaysian Palm Oil Board, Bangi
Selangor, Malaysia, 1999.
[21] C. D. Cruz and A. J. Regazzi, Modelos Biometricos Aplicados ao
Methoramanto Genetico, Universide Federal de Visosa, Im-
prensa Universitara, Vicosia, Minas Gerais, Brazil, 1994.
[22] D.S.FalconerandT.F.C.Mackay,IntroductiontoQuantitative
Genetics, Essex .PEL, 4th edition, 1996.
[23] C. J. Breure and J. Konimor, “Parents selections for oil palm
clonal seed gardens,” in Proceedings of the International Work-
shop on Yield Potential in the Oil Palm, pp. 122–124, 1992.
[24] F. Dumortier and J. Konimor, “Selection and breeding pro-
gress in planting materials at DAMI OPRS, Papua New
Guinea,” in Proceedings of the Seminar on Sourcing of Oil Palm
Planting Materials for Local and Overseas Joint-Venture,p p .
143–170,MalaysianPalmOilBoard,BangiSelangor,Malaysia,
1999.
[25] B.Musa,GeneticsoftheDeli-AVROSbreedingpopulationsofthe
oil palm (Elaeis guineensis Jacq.), M.S. thesis, Universiti Putra
Malaysia, 2004.
[26] R. E. Comstock and H. F. Robinson, “Estimation of average
dominance of genes,” in Heterosis, pp. 494–516, Iowa State
College Press, Ames, Iowa, USA, 1952.
[27] O. Kempthorne, An Introduction to Genetic Statistic,J o h n
Wiley & Sons, New York, NY, USA, 1957.